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Abstract
An exact analysis of rotation eﬀects on unsteady ﬂow of an in-
compressible and electrically conducting ﬂuid past a uniformly
accelerated inﬁnite isothermal vertical plate, under the action
of transversely applied magnetic ﬁeld has been presented. The
plate temperature is raised to Tw and the concentration level
near the plate is also raised to C′
w. The dimensionless gov-
erning equations are solved using Laplace-transform technique.
The velocity proﬁles, temperature and concentration are studied
for diﬀerent physical parameters like thermal Grashof number,
mass Grashof number, Schmidt number, Prandtl number and
time. It is observed that the velocity increases with increas-
ing values of thermal Grashof number or mass Grashof number.
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It is also observed that the velocity increases with decreasing
magnetic ﬁeld parameter.
Keywords: rotation, accelerated, isothermal, vertical plate,
heat transfer, mass diﬀusion, magnetic ﬁeld.
1 Introduction
The inﬂuence of magnetic ﬁeld on viscous incompressible ﬂow of elec-
trically conducting ﬂuid has its importance in many applications such
as extrusion of plastics in the manufacture of rayon and nylon, pu-
riﬁcation of crude oil, pulp, paper industry, textile industry and in
diﬀerent geophysical cases etc. In many process industries, the cool-
ing of threads or sheets of some polymer materials is of importance in
the production line. The rate of cooling can be controlled eﬀectively
to achieve ﬁnal products of desired characteristics by drawing threads,
etc. in the presence of an electrically conducting ﬂuid subject to a
magnetic ﬁeld.
MHD plays an important role in agriculture, petroleum industries,
geophysics and in astrophysics. Important applications in the study of
geological formations, in exploration and thermal recovery of oil,and
in the assessment of aquifers, geothermal reservoirs and underground
nuclear waste storage sites. MHD ﬂow has application in metrology,
solar physics and in motion of earths core. Also it has applications in
the ﬁeld of stellar and planetary magnetospheres, aeronautics, chemical
engineering and electronics. In the ﬁeld of power generation, MHD is
receiving considerable attention due to the possibilities it oﬀers for
much higher thermal eﬃciencies in power plants.
Gupta et al [2] studied free convection on ﬂow past a linearly ac-
celerated vertical plate in the presence of viscous dissipative heat us-
ing perturbation method. Kafousias and Raptis[3] extended the above
problem to include mass transfer eﬀects subjected to variable suction
or injection. Free convection eﬀects on ﬂow past an accelerated verti-
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of magnetic ﬁeld was studied by Raptis et al [4].
MHD eﬀects on ﬂow past an inﬁnite vertical plate for both the
classes of impulse as well as accelerated motion of the plate was studied
by Raptis and Singh[4]. Mass transfer eﬀects on ﬂow past an uniformly
accelerated vertical plate was studied by Soundalgekar[9]. Again, mass
transfer eﬀects on ﬂow past an accelerated vertical plate with uniform
heat ﬂux was analyzed by Singh and Singh[7]. Basant Kumar Jha and
Ravindra Prasad[1] analyzed mass transfer eﬀects on the ﬂow past an
accelerated inﬁnite vertical plate with heat sources. Singh [8] stud-
ied MHD ﬂow past an impulsively started vertical plate in a rotating
ﬂuid. Rotation eﬀects on hydromagnetic free convective ﬂow past an
accelerated isothermal vertical plate was studied by Raptis and Singh
[5].
Hence, it is proposed to study the eﬀects of rotation on the hydro-
magnetic free-convection ﬂow of an incompressible viscous and electri-
cally conducting ﬂuid past a uniformly accelerated inﬁnite isothermal
vertical plate in the presence of heat and mass transfer. The dimen-
sionless governing equations are solved using the Laplace-transform
technique. The solutions are in terms of exponential and complemen-
tary error function. Such a study is found useful in magnetic control of
molten iron ﬂow in the steel industry, liquid metal cooling in nuclear re-
actors, magnetic suppression of molten semi-conducting materials and
meteorology.
2 Governing equations
Consider the unsteady hydromagnetic ﬂow of an electrically conducting
ﬂuid induced by viscous incompressible ﬂuid past a uniformly acceler-
ated motion of an isothermal vertical inﬁnite plate when the ﬂuid and
the plate rotate as a rigid body with a uniform angular velocity Ω′
about z′-axis in the presence of an imposed uniform magnetic ﬁeld B0
normal to the plate. Initially, the temperature of the plate and concen-
tration near the plate are assumed to be T∞ and C′
∞. At time t′ > 0,192 R.Muthucumaraswamy, T.Lal, D.Ranganayakulu
the plate starts moving with a velocity u = u0t′ in its own plane and
the temperature from the plate is raised to Tw and the concentration
level near the plate are also raised to C′
w. Since the plate occupying
the plane z′ = 0 is of inﬁnite extent, all the physical quantities depend
only on z′ and t′. It is assumed that the induced magnetic ﬁeld is
negligible so that ⃗ B = (0,0,B0). Then the unsteady ﬂow is governed
by free-convective ﬂow of an electrically conducting ﬂuid in a rotating
system under the usual Boussinesq’s approximation in dimensionless
form are as follows:
∂U
∂t
  2 ΩV = Grθ + Gc C +
∂2U
∂Z2   M U (1)
∂V
∂t
+ 2 ΩU =
∂2V
∂Z2   M V (2)
∂θ
∂t
=
1
Pr
∂2θ
∂Z2 (3)
∂C
∂t
=
1
Sc
∂2C
∂Z2 (4)
With the following initial and boundary conditions:
u = 0, T = T∞, C′ = C′
∞ for all y,t′  0
t′ > 0 : u = u0t′, T = Tw, C′ = C′
w at y = 0
u ! 0 T ! T∞, C′ ! C′
∞ as y ! 1
(5)
On introducing the following non-dimensional quantities:
U =
u
(νu0)
1
3
, V =
v
(νu0)
1
3
t = t
′
(
u2
0
ν
) 1
3
, Z = z
(u0
ν2
)1
3
,
θ =
T   T∞
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gβ(Tw   T∞)
u0
, C =
C′   C′
∞
C′
w   C′
∞
, (6)
Gc =
gβ∗(C′
w   C′
∞)
u0
, M =
σB2
0
ρ
(
ν
u2
0
) 1
3
, Pr =
µCp
k
, Sc =
ν
D
The hydromagnetic rotating free-convection ﬂow past an acceler-
ated vertical plate is described by coupled partial diﬀerential equationsEﬀects of rotation on MHD ﬂow past an accelerated... 193
(1) to (3) with the prescribed boundary conditions (4). To solve the
equations (1) and (2), we introduce a complex velocity q = U + iV ,
equations (1) and (2) can be combined into a single equation.
∂q
∂t
= Grθ + Gc C +
∂2q
∂Z2   m q (7)
The initial and boundary conditions in non-dimensional quantities
are
q = 0, θ = 0, C = 0 forall Z,t  0
t > 0 : q = t, θ = 1, C = 1 at Z = 0
q ! 0, θ ! 0, C ! 0 as Z ! 1
(8)
where m = M + 2iΩ.
3 Method of solution
The dimensionless governing equations (2),(3) and (7), subject to the
initial and boundary conditions (8), are solved by the usual Laplace-
transform technique and the solutions are derived as follows:
q =
(
t
2
+ c + d
) [
exp(2η
p
mt)erfc(η +
p
mt)+
exp( 2η
p
mt)erfc(η  
p
mt)
]
  2 c erfc(η
p
Pr)   c exp(at)
+exp( 2η
√
(m + a)t) erfc(η  
√
(m + a)t)
]
 2 d erfc(η
p
Sc)   d exp(bt)
+exp( 2η
√
(m + b)t) erfc(η  
√
(m + b)t)
]
(9)
+c exp(at)
+exp( 2η
p
a Pr t) erfc(η
p
Pr  
p
at)
]
+d exp(bt)
+exp( 2η
p
Sc bt) erfc(η
p
Sc  
p
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θ = erfc(η
p
Pr) (10)
C = erfc(η
p
Sc) (11)
where, a =
m
Pr   1
, b =
m
Sc   1
, c =
Gr
2a(1   Pr)
, d =
Gc
2b(1   Sc)
and
η = Z/2
p
t.
In order to get the physical insight into the problem, the numerical
values of q have been computed from (9). While evaluating this expres-
sion, it is observed that the argument of the error function is complex
and, hence, we have separated it into real and imaginary parts by using
the following formula:
erf(a + ib) = erf(a) +
exp( a2)
2aπ
[1   cos(2ab) + isin(2ab)]
+
2exp( a2)
π
∞ ∑
n=1
exp( n2/4)
n2 + 4a2 [fn(a,b) + ign(a,b)] + ϵ(a,b)
where,
fn = 2a   2a cosh(nb) cos(2ab) + n sinh(nb) sin(2ab)
and
gn = 2a cosh(nb) sin(2ab) + n sinh(nb) cos(2ab)
jϵ(a,b)j  t 10−16 jerf(a + ib)j
4 Results and discussion
For physical understanding of the problem, numerical computations
are carried out for diﬀerent physical parameters Gr,Gc,Sc,Pr,m and
t upon the nature of the ﬂow and transport. The value of the Schmidt
number Sc is taken to be 2.01 which corresponds to water-vapor. Also,
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air(Pr = 0.71) and water(Pr = 7.0). The numerical values of the ve-
locity, temperature and concentration ﬁelds are computed for diﬀerent
physical parameters like Prandtl number, rotation parameter, mag-
netic ﬁeld parameter, thermal Grashof number, mass Grashof number,
Schmidt number and time.
The temperature proﬁles are calculated for water and air from equa-
tion (10) and these are shown in Figure 1. at time t = 0.2. The eﬀect
of the Prandtl number plays an important role in temperature ﬁeld.
It is observed that the temperature increases with decreasing Prandtl
number. This shows that the heat transfer is more in air than in wa-
ter. Figure 2 represents the eﬀect of concentration proﬁles at time
Figure 1: Temperature Proﬁles
t = 0.2 for diﬀerent Schmidt number(Sc = 0.16,0.3,0.6). The eﬀect
of concentration is important in concentration ﬁeld. The proﬁles have196 R.Muthucumaraswamy, T.Lal, D.Ranganayakulu
the common feature that the concentration decreases in a monotone
fashion from the surface to a zero value far away in the free stream.
It is observed that the wall concentration increases with decreasing
values of the Schmidt number. Figure 3. demonstrates the eﬀects of
Figure 2: Concentration Proﬁles for diﬀerent Sc
diﬀerent thermal Grashof number (Gr = 2,5), mass Grashof number
(Gc = 2,5),M = 1,Ω = 0.5,Pr = 7 and t = 0.4 on the primary ve-
locity at time t = 0.4. It is observed that the velocity increases with
increasing values of the thermal Grashof number or mass Grashof num-
ber. Figure 4. illustrates the eﬀects of the magnetic ﬁeld parameter
on the velocity when (M = 0,5,10),Gr = Gc = 5,Ω = 0.5,Pr = 7
and t = 0.4. It is observed that the velocity increases with decreas-
ing values of the magnetic ﬁeld parameter. This shows that the in-
crease in the magnetic ﬁeld parameter leads to a fall in the velocity.Eﬀects of rotation on MHD ﬂow past an accelerated... 197
Figure 3: Velocity Proﬁles for diﬀerent Gr and Gc
This agrees with the expectations, since the magnetic ﬁeld exerts a re-
tarding force on the free convective ﬂow. The secondary velocity pro-
ﬁles for diﬀerent thermal Grashof number (Gr = 2,5), mass Grashof
number (Gc = 2,5),Ω = 0.5,M = 5,Pr = 7 and t = 0.2 are pre-
sented in ﬁgure 5. The trend shows that the velocity increases with
increasing values of thermal Grashof number or mass Grashof num-
ber. The secondary velocity proﬁles for diﬀerent rotation parameter
(Ω = 0.5,1),Gr = Gc = 5,Pr = 7,M = 5 and t = 0.2 are shown
in ﬁgure 6. It is observed that the velocity increases with decreasing
values of the rotation parameter.198 R.Muthucumaraswamy, T.Lal, D.Ranganayakulu
Figure 4: Velocity Proﬁles for diﬀerent M
5 Conclusion
The theoretical solution of ﬂow past a uniformly accelerated inﬁnite
isothermal vertical plate in the presence of variable mass diﬀusion have
been studied. The dimensionless governing equations are solved by the
usual Laplace-transform technique. The eﬀect of diﬀerent parameters
like thermal Grashof number, mass Grashof number and t are studied
graphically. It is observed that the velocity increases with increasing
values of Gr,Gc and t. But the trend is just reversed with respect to
the rotation parameter Ω or magnetic ﬁeld parameter M.Eﬀects of rotation on MHD ﬂow past an accelerated... 199
Figure 5: Secondary Velocity Proﬁles for diﬀerent Gr and Gc
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Uticaj obrtanja na MHD teˇ cenje preko
ubrzavaju´ ce izotermske vertikalne ploˇ ce sa
toplotnom i masenom difuzijom
Prikazana je taˇ cna analiza uticaja obrtanja na nestacionarno teˇ cenje
nestiˇ sljivog i elektroprovodnog ﬂuida preko ubrzavaju´ ce izotermske ver-
tikalne ploˇ ce pod uticajem priloˇ zenog popreˇ cnog magnetnog polja. Tem-
peratura ploˇ ce se podiˇ ze do Tw pri ˇ cemu se nivo koncentracije blizu
ploˇ ce takodje podiˇ ze na C′
w. Bezdimenzione jednaˇ cine problema su
reˇ sene tehnikom Laplace-ove transformacije. Temperatura, koncen-
tracija i proﬁli brzine su prouˇ ceni za razliˇ cite ﬁziˇ cke parametre kao ˇ sto
su Grashof-ov broj, maseni Grashof-ov broj, Schmidt-ov broj, Prandtl-
ov broj i vreme. Uoˇ cava se da brzina raste sa porastom vrednosti
termiˇ ckog Grashof-ovog broja ili masenog Grashof-ovog broja. Takodje
se uoˇ cava da brzina raste sa smanjivanjem parametra magnetnog polja.
doi:10.2298/TAM1003189M Math.Subj.Class.: 76W05, 76D99